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ABSTRACT 

We report the details of an XMM observation of the cluster of galaxies Zw 1305.4+2941 at the inter- 
mediate redshift of z=0.241, increasing the small number of interesting X-ray constraints on properties 
of ~ 3 keV systems above z=0.1. Based on the ^ 45 ks XMM observation, we find that within a radius 
of 228 kpc the cluster has an unabsorbed X-ray flux of /x = (2.07 ± 0.06) x 10"^'^ ergs cm~^ s~^, a 
temperature of kT — 3.17 + 0.19 keV, in good agreement with the previous i?05^T determination, 
and an abundance of 0.93lg'29 ^<3- Within rsoo = 723 + 16 kpc the rest-frame bolometric X-ray 
luminosity is Lx(''50o) = (1.25 + 0.16) x 10^^ h^^ ergs s~^. The cluster obeys the scaling relations 
for Lx, T and the velocity dispersion derived at intermediate redshift for kT<A keV, for which we 
provide new fits for all literature objects. The mass derived from an isothermal NFW model fit is, 
Mvir = 2.77 + 0.21 X 10" Mq, with a concentration parameter, c = 7.9 + 0.5. 
Subject headings: galaxies: clusters: general — X-rays: general 



L INTRODUCTION 

\ The current generation of X-ray observatories, Chan- 
dra and XMM, is considerably extending the maximum 
redshift to which X-ray clusters can be identified and 
] analyzed. In fact the number of massive clusters de- 
tected at z > 1 is rapidly growing thanks to the un- 
• precedented XMM sensitivity (e.g" iMullis et all 120051 : 
; [Stanford et all 120061 : iBremer et al.ll2006D . On the other 
hand they are also extending the minimum luminosity, 
i.e. the least massive structures, to which X-ray clus- 
ters can be detected and analyzed at intermediate red- 
shifts. Galaxy groups and clusters with fcr<4 keV are 
starting to be routinely detected and anal yzed in de- 
! tail at 0.2 < z < 0.6 llWillis et al.l 120051 ICaga et all 
. 120051 iJeltema et all 120061: iPuccetti et al.l I2006D . where 
few examples were known. They represent the popu- 
lation which Chand ra and in particul ar XMM surveys 
■ (like the XMM-LSS, iPierre et al.ll2004D are s ampling us- 
' ing ty pical exposures (10-20 ks), as expected pones et al.l 

! mm- 

These objects are more likely to display the ef- 
fects of non-gravitational energy into the intra-cluster 
, medium (ICM) than hotter more massive clusters (e.g., 
iPonman et al .1120031 ). The study of X-ray extended ob- 
jects over an extended temperature range at z > 0.2 will 
provide an important insight into the evolution of their 
X-ray emitting gas and the deviation of X-ray scaling re- 
lations from simple, self-similar expectations. Studies of 
objects in the redshift range 0.2 < z < 0.6 and with 2 
keV < T < 2.6 keV are already suggesting that at these 
redshift these objects are less dyna mically e volved that 
their counterparts ai z — tMulchaev et al.|[200 6). Fur- 
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thermore, clusters with masses in the range 3 — 5 x 10^** 
Mq (3 keV <Tx< 4 keV) wiU constitute the bulk of the 
cosmological constraining power of future SZ surveys, be- 
cause this is the range well-above the nearl y redshift inde- 
pend ent detection limit of these surveys (jHaiman et al.l 
l2001h . therefore constituting the largest population in 
number count studies. 

Here we present details of the XMM observation of the 
cluster Zw 1305.4+2941, also known as MS 1305+29 with 
kT ~ 3 keV at the redshift of z = 0.241, observed during 
an exposure of the field SA57. All distance-dependent 
quantities have been computed assuming Hq= 70 km s~^ 
Mpc~\ n,^= 0.3 and f^A= 0.7. At the redshift of z = 
0.241 1' corresponds to 228 kpc. All the errors quoted 
are at the 68% confidence limit. 

2. X-RAY ANALYSIS 

The object Zw 1305.4+2941 has been observed during 
an XMM pointing of the field SA 57 (|Trevese et al.ll2007t) 
and it is located at 9.3' off-axis (see Fig[T])^. The data 
were reduced with SAS v7.0.0 using the tasks emchain 
and epchain. We considered only event patterns 0-12 for 
MOS and for pn and the data were cleaned using the 
standard procedures for bright pixels and hot columns 
removal (by applying the expression FLAG == 0) and 
pn out-of-time correction. Periods of high backgrounds 
due to soft protons were filtered as in iGastaldello et al] 
(|2007a| ) ; the observation was affected by flares at the end 
of the exposure and ^ 20 ks were lost, resulting in a net 
exposure time of 47, 48 and 40 ks respectively for MOSl, 
M0S2 and pn. 

For each detector we created images in the 0.5-2 
keV band with point sources, detected using the task 
ewavelet, masked using circular regions of 25" radius cen- 
tered at the source position. The images have been expo- 
sure corrected and a radial surface brightness proflle was 
extracted from a circular region of 6' of radius centered 

® The center of the pointing has been calculated as an effective- 
area-weighted average of the optical axis of the three telescopes 
take n form the exposure m ap headers keywords XCEN and YCEN, 
as in IPacaud et atl ||200^ 
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Fig. 1.— Exposure corrected 0.5-2.0 keV combined MOSl and MOS 2 X-ray image of the field SA 57. The cluster Zw 1305.4-1-2941 is 
clearly visible as the extended source and it is highlighted by the red circle of 1.5' radius. 



on the cluster centroid. We account for the X-ray back- 
ground by including a constant-background component. 
The data were grouped to have at least 20 counts per bin 
in order to apply the statistic. The fitted model is con- 
yolved with the XMM PSF The joint best-fit /3-model 
(jCavaliere fc Fusco-Femianolll976t ) has a core radius of 
= 57 ± 8 kpc (14.9"±2.0") and (3 = 0.54 ± 0.02 for a 
xVd.o.f. = 202/130 (see Vig^. Fits to the profiles of 
the individual detectors give consistent results within la 
of the combined-fit result and in the case of the MOS de- 
tectors are formally acceptable (20/24 MOS 1 and 41/39 
MOS 2). The main contribution to the comes mainly 
from the pn and its origin is instrumental, hence there is 
no need for more complicated models. 

For spectral fitting, we extracted spectra for each de- 
tector from a 1' region centered on the centroid of the 
emission, to maximize the S /N over the background. Re- 
distribution matrix files (RMFs) and ancillary response 
files (ARFs) were generated using the SAS tasks rmf- 
gen and arfgen in extended source mode. Appropriate 
flux- weighting was performed for RMFs and for ARFs, 
using exposure-corrected images of the source as de- 
tector maps (with pixel size of 1', the minimum scale 
modeled by arfgen) to sampl e the variation in eniission , 
following the prescription of iSaxton fc Siddiquil (|2002f ). 
The background was estimated locally using spectra ex- 
tracted from a 2'-3' annular region centered on the cen- 
troid of the emission. The spectra from the three detec- 
tors were re-binned to ensure a signal-to-noise ratio of at 
least 3 and a minimum 20 counts per bin and they were 
jointly fitted with with an A PEC th ermal plasma mod- 
ified by Galactic absorption (iDickev & Lockman 1990). 
The spectral fitting was performed with Xspec (verl 1.3.1, 
lArnaudiri996l ) in the 0.5-6 keV band a nd quoted metallic- 
ities a re relative to the abundances of lGrevesse fc Sauvall 
()1998( ). The spectra are shown in FiglSl the best fit pa- 
rameters are kT = 3.17 ± 0.19 keV and Z = OMtnlt 



Zq for a xVd.o.f. = 241/222. 

Using the best-fit model, the unabsorbed flux within 
the aperture of radius 1' (228 kpc) is 2.07 ±0.06 x 10^^^ 
ergs cm~^ s~^ in the 0.5-2 keV band. This corresponds 
to an unabsorbed luminosity of 3.33±0.15 x lO''^ ergs s~^ 
in the 0.5-2 keV and to a bolometric (0.01-100 keV) of 
8.86 ± 0.98 X lO''^ ergs s~^. The quoted errors on flux 
and luminosity are the mean and standard deviation of 
the distributions evaluated repeating the measurements 
after 10000 random selection of temperature, metallicity 
and normalization, drawn from Gaussian distributions 
with mean and standard deviation in accordance to the 
best fit results. 

To investigate possible spatial variation in the spectral 
parameters of the cluster, we extracted two annular re- 
gions of radii 0'-0.5' and 0.5'-1.5'. The derived spectral 
parameters are: kT = 3.04±0.23 keV and Z = 0.93±0.45 
Zq with x^/d.o.f. = 140/121 for the inner annulus; 
kT = SAJtoil keV and Z = OMtoH Zq with xVd.o.f. 
— 153/159 for the outer annulus. The width of the bins 
have been chosen in order to avoid bias in the tempera- 
ture measurement caused by scattered fiux by the PSF 
(80% encircled energy fraction radius is 31" for the pn 
at 1.5 keV and at the off- axis angle of the source). The 
cluster is therefore consistent with being isothermal over 
the explored radial range. 

The cluster has regular X-ray isophotes and is cen- 
tered on a dominant early type galaxy (see fj3]). These 
characteristics suggest the cluster is relaxed and that 
hydrostatic equilibrium is a good approximation. The 
isothermal profile is not exceptional in a relaxed cluster, 
as Zw 1305.4-1-2941 seems to have pro perties very simi- 
lar to the low redshift cluster A 2589 (|Zappacosta et all 
120061 ). We calculated the total mass profile using two 
different models. First, we used the best-fit /3-model for 
which the gas density and total mass profi les can be ex - 
pressed by simple analytical formula fe.g.. lEttorill2000l ). 
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We evaluated rsoo as the radius at which the density is 
500 times the the critical density and the virial radius as 
the radius a t which the density corre sponds to Avir, as 
obtained by iBryan fc NormaiT ()1998l ) ^ for the concor- 
dance cosmological model used in this paper. To evalu- 
ate the errors on the estimated quantities, we repeat the 
measurements after 10000 random selections of a tem- 
perature and parameters of the surface brightness pro- 
file, which were drawn from Gaussian distributions with 
mean and variance in accordance with the best-fit results. 
For A = 500 we obtained, M500 = (1-37 ± 0.15) x 10^'* 
M0 within r5oo = 723 ± 16 kpc; the virial mass is, 
Afvir = (2.81 ± 0.30) X 10^^^ Mq, within the virial radius 
Tvir = 1474 ± 52 kpc. Secondly, we fit the surface bright- 
ness profile with an isothermal NFW (jNavarro et al.l 

A„i^ = 187r2 -|-82x - 39a;2 where x = Vl{z) - 1, Vl{z) = ^0(1 + 
zflE{zf and E{z) = + zf + A] ^'"^ 



Il997( ) model (jSuto et al.lll998l ). We obtain a concentra- 
tion parameter, c = 7.9±0.5, virial radius r^\^ = 1468^41 
kpc, and virial mass M^^ = (2.77±0.21) x lO" Mq, with 
X^/d.o.f. = 197/130. The mass determinations using the 
two different models agree well within the Icr errors. We 
calculate the gas m ass using the procedure described in 
lEttori et all (|2004[ ). using the /3-model parametrization 
and deriving the central electron density from a combi- 
nation of the surface brightness fit and the normaliza- 
tion of the spectral model (equation (2) of .Ettori et al.l 
I200I . We obtained Mgas,->m = (1-37 ± 0.14) x lO^^ 
Mq. We calculate the entropy of the cluster using the 

standard definition S = TgasjT^J^ and measure this 
quant ity at 0.1r2oo and rsoo as done bv iPonman et all 
(l200l . We find S'(0.1r2oo) = 168 ± 12 keV cm^ and 
^(rsoo) = 1103 ± 122 kcV cm^, being r^m = 1144 ± 41 
kpc using the best-fit /3-model. 
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Finally, we have studied the sensitivity of our spectral 
results to various sources of systematic errors which we 
summarize below. 

Galactic Column Density and Bandwidth: If iVfj is al- 
lowed to vary the fit in the 1' aperture does not improve 
and the best fit column density is consistent at la with 
the Galactic value; the other parameters are unchanged. 
Restricting the energy band to the 0.5-5 keV band re- 
turned practically unchanged values, kT = 3.15 ± 0.23 
and Z = 0.91 ±0.29, whereas using a 0.4-5 keV band has 
the effect of slightly increase the values, kT — 3.24±0.I2 
and Z = 1.06]'^q'^2i but still with systematic errors less 
than the statistical ones. 

Background: For comparison with the results obtained 
with the local backgro und we used the standard blank 
background fields ( Read fc Ponmanl[2003 ). finding good 
agreement between the two methods in the V aperture, 
kT = 3.20 ± 0.12 and Z = 0.87 ± 0.23. In the 0.5'- 
1.5'outer annulus the results obtained with the back- 
ground template are in agreement within la with the 
local background method, kT = 3.4l;';Q'^g and Z — 

Plasma Code: We investigated the sensitivity of our 
results to the plasma code using the MEKAL model. The 
quality of the fit and the temperature and abundance 
values were found to be very consistent within the la 
errors, kT = 3.24 ± 0.13 and Z = 0.89i^:i^. 

3. OPTICAL ANALYSIS 

Zw 1305.44-2941 is a Bautz-Morgan type I cluster at 
z=0.24. The optical map with over-plotted X-ray con- 
tours from XMM 0.5-10 keV data is shown in Figgl Op- 
tical photometry of the field SA 57 was obtained from 
U,.Bj,F,N plates taken at KPNO 4 m Mayall telescope 
()Koo et al.l 119861 ). A foreground cluster was recognized 
in the two-colour diagram calibrated with the spectro - 
scopic redshifts available in the field ()Koo et al.lll988D . 
The cluster is elongated, with a major axis position an- 
gle 9c = 57° ± 6°. The central cD galaxy has a position 
angle 6cD = 61° and an axial-ratio b/a — 0.78, both 
measured at 3.5 magnitudes fainter than the c entral sur- 
face b rightness and with a « 10% error. In iKoo et all 
()1988l ) the galaxy number density profiles, as deduced 
respectively in circular or elliptical annuli and statisti- 
cally corrected for background, were fitted with both a 
projected Emden isothermal profile a{b) = aoFisot{i>/bc) 
and projected King profil e ao(b) = ag^l l + (b/Rc) 
following the procedure of iSarazinI (|1980D . The parame- 
ters are the core radius Rc = 36c = 3crr/(47rG'nom)^/^, 
the central surface density and the surface density of the 
background; a^. is the dispersion of the radial velocities, 
no the central value of the volume density of galaxies and 
771 is the average galaxy mass. The resul ts of the fit are 
repor ted in Table 2B of iKoo et all (|1986D . 

M ahdavi fc Gelled (|200ir ) report a velocity disper- 
sio n value a r of ~ 813 km s~^ citing the paper 
of IWu et ahl (jl999l ). but this value is not attributed 
in unequivocal way to th e cluster MS 1305.4-1-2941. 
iMusho tzkv fc Scharl' ('1997*) use d velocity di s persion data 
from iF adda ct al. (1996), Car lberg et all (|1996D and 
iFabricant et all (119911 ). none of which contains ar for MS 
1305.4-1-2941. On the basis of the redshifts found using 
the Nasa Extragalactic Database (NED), mostly derived 



by the spectroscopic survey of the field by iMunn et al.l 
(|1997D . we have determined the velocity dispersion of 
the cluster considering circular areas of increasing ra- 
dius, centered on the cD galaxy. The results are shown 
in FiglHl where the redshifts as a function of the angular 
distance from the cluster center are also reported. The 
velocity dispersion is roughly constant between 1 and 3.5' 
and progressively rises beyond 4'. This may be due to 
the inclusion of galaxies not belonging to the cluster or 
to incomplete virialization. The X-ray surface bright- 
ness falls below 3% of the central value at a radius of 
3.3' (see Figl^]), which corresponds to about rsoo, and 
becomes practically undetectable. Therefore we adopt 
cr(3.3') = 568±125 km s^^ (based on 10 members) which 
corresponds to Pspec = umpa^ / kT = 0.64 ± 0.31 for kT 
— 3.17 keV and fx = 0.6. This value of pspec is not much 
different from the value of Pfa derived from the X-ray 
brightness distribution (0.54±0.02). Moreover, /3spec < 1 
is also consistent with the X-ray image that in the cen- 
tral region seems to show a quite relaxed cluster. A value 
of Pspec lower than 1 may be due to the transfer from 
orbital to internal energy occurring in galaxy merging, 
thus cooling the galaxy velocity distribution despite the 
counteracting effect of the clust er gravitational potential 
(jFusco-Femiano fc Mencilll995() . Finally, the frac tion of 
blue g alaxies ft ^ 0.1 derived within 1.4' from Ko o et al.l 
(|1988l see their Fig. 8) for this cluster is consistent with 
the relationship between cluster velocity dispersion and 
blue f raction within r2oo 1 4 obtained by lAndreon et al.l 
(|2006D . although not definitely conclusive. 

4. DISCUSSION 

In this section we discuss the properties of 
Zw 1305.4-1-2941 in relation to the ones of objects with 
fcr<4 keV at the intermediate redshift 0.2 < z < 0.6. 

In particular we investigate the scaling relations be- 
tween Tx and velocity dispersion a^ for the six 
objects at intermediate r edshift (0.29 < z < 0.44) in 
the XMM LSS survey (W illis et all Eool), the six ob- 
j ects (0.23 < z < 0.59) in the sample of I Jeltema et al.l 
(|2006D and Zw 1305.4-^2941 together with the recently 
discovered cluster XMM UJ 131359.7-162735, with fcr = 
3.57 ± 0.12, presented in iGastaldello et al.l (|2007b[ ). We 
made a first attempt at investigating quantitatively these 
relations (in a simple power-law representation) in its 
normalization and slope by performing a linear regres- 
sion \ogiQ Y = a log^o X+b between two sets of measured 
quantities Y and X. We employ the bisector modifica- 
tion of the BCES method (i.e., bivar iate correlated errors 
with intrinsic scatter) described bv lAkritas fc Bershadvl 
(fl99 6.) that takes into account both any intrinsic scatter 
and errors on the two variables considered as symmetric. 
We performed the BCES fitting using software kindly 
provided by M. Bershady^. The uncertainties on the best 
fit results are obtained from 10^ bootstrap re-sampling. 
The results on the best-fit normalization and slope for 
the scaling laws here investigated are quoted in Table [1] 
together with t otal and intrinsic s catter (measured using 
equation (2) of lBuote et al.|[2007l ) and they are shown as 
black solid lines in Figl6l 

We first investigate the Lx — Tx relation. For 
Zw 1305.44-2941, the aperture of 228 kpc used for spec- 

^ http:/ /www. astro. wise. edu/'^mab/archivc/stats/stats. html 
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Fig. 4. — Optical map of the cluster ZwCl 1305.4+2941 with over-plotted X-ray contours from XMM-Newton 0.5-10 keV data. Galaxies 
in the redshift interval 0.21 < z < 0.27 are indicated. The yellow circle marks a region with radius 3'. 
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Fig. 5. — Upper panel: redshifts of galaxies in the area of ZwCl 
1305.4+2941 as a function of the distance from the cluster center. 
The lines represent 3(T limits around the cluster redshift. Lower 
panel: Velocity dispersion as a function of the distance from the 
cluster center. Each error bar represent the r.m.s. velocity disper- 
sion computed by randomly extracting, 10* times, Nga,i{< r) ve- 
locities from gaussian distributions with (Ti,(< r), where Ngai{< r) 
and (T„(< r) are the number and velocity dispersion of galaxies 
within distance r from the cluster center. 

troscopy encloses 70% of the flux within rsoo, assum- 
ing the cluster emission profile follows the /3-model of 
FiglH The derived bolometric luminosity within r5oo is 
-^500 = (1.26 ± 0.16) X lO^'' ergs s~^; errors in the lumi- 
nosity were determined including both the spectral errors 
and the uncertainties in the /3-model parameters. The 
temperature derived with XMM is in good agreement 
with the previous i?6>5'yir deter mination (2.98t°:^i keV, 
2(7 errors, iMushotzkv fc Scharjri997,l . In the first panel 
of Figl6] we plot the results for the intermediate redshift 



groups/poor clusters compared to the best fit regression 
lines for the low redshift groups of the GEMS sample 
( Osmond fc Ponmanl |2004[). for the clusters o f iHorneil 
(|200lD as quoted in lOsmond fc PonmanI (|2004f) . remov- 
ing cool {Tx < 2 keV) low luminosity {Lx < 2 x IC*^ 
ergs s~^) objects and for the cluster sample of objects 
with Tx > 3 keV of Markevitch (1998). With the caveat 
of the large error bars in the measured slope due to the 
still rather large errors in both luminosity and temper- 
ature and the small size of the sample, the relation is 
consistent with what found for local clusters. Given 
the angular resolution of the data it has not been possi- 
ble to correct for the effect of central cool cores, which 
tend to reduce the scatter and produ ce flatter slopes 
(I Allen fc Fabianl[l998l : lMarkevitchl[l99l . 

We then investigate the relationship between the ve- 
locity dispersion of the group member galaxies and 
the X-ray temper ature, excluding from the sample of 
iWillis et all (pOOSi ) XLSSC 013 for which no velocity dis- 
persion was quoted and XMMUJ 131359.7-162735 for 
which we do not have optical spectroscopy. For the 
sample of iJeltema et al.l ()2006D we used the update d 
velocity dispersions presented in IJeltema et al.l (|2007D . 
In the second panel of FiglH] we show the cr„ — Tx re- 
lation compared to the b est fit of the GEMS groups 
( Osmond fc Ponman '2004") , the cluster data of iHorneil 
( 2001| ) as quoted in Osmond fc Ponman (20041) and the 
cluster sample of [Girardi et al.l (|1996l) . As discussed in 
IJeltema et al.l (|2006f ) there is a large scatter with few 
groups which appears to have significantly low velocity 
dispersions for their temperature, similar to what found 
in the GEMS sample at lower X-ray luminosities and 
temperatures. A well known observational effect could 
be a possible explanation, due to the fact that velocity 
dispersions may be artifici ally low when based on rela- 
tively smal l numbers fe.g.. IZabludoff fc Mulchaevlll998l : 
iGirardi fc~M czzetti 200 1]). Or velo ci ty dis persions could 
be really reduced: IHelsdon et al.l (|2005f ) propose sev- 
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Fig. 6.— Top %>anel: Lx - Tx relation for Zw 1305.4+2941 and 
the object discussed in Gastaldello et al. ( 2007b)(grcen squares), 
the moderate redshift sam ple of Willis et al. (2005) (red triangles) 
and the one of ljeltema et a l. (2006) (black circles). The solid black 
line represents t he best fit, th e dot-dashed blac k line th e fit to the 
cluster sample of lHornerl ( 120011 ) as discussed in lOsmond & Ponm^ 
(12004), the solid blue line the fit to the clusters of Markcvitd 
(119981) and the blu e dashed line the fit to the groups of the GEM 
sample (|Osmond fc Ponman 2004,)- 

Central panel: av — Tx relation with the best fit (black solid line). 
Also shown are the b est fits to the cluster sample of [Horner (2001) 
(solid blue line) and IGirardi et all ()1996l ) (dot-dashed blue line). 
The dot-dashed black line shows the best fit to the GEMS group 
sample. 

Lower panel: Lx — ctv relation with the best fit (black solid 
line). Also shown are the best fits to the cluster sample of 
Eorner (200l]) ( dash-d otted black line), the REFLEX subsample of 
[Ortiz-Gil et ay(f200l) (soUd blue Une) and the RASS-SDSS sample 
of Popesso et al. (2005) (dotted blue line). The dashed blue line 
shows the best fit to the GEMS group sample. 



eral possible mechanisms for this effect, including dy- 
namical friction, tidal heating and orientation effect (see 
also discussion in The former expl anation holds 

for m any of the objects in the sample of [Jeltema et al.l 
(|2006l ): for example RX J1334.9-f 3750 increased its ve- 
locity dispersion from ^™ based on 6 mem- 
bers ([Mulchaev et all [20061) to 2 'i&tlt km s^^ based on 
17 members (| Jeltema et al.ll2007l ): RX J1648. 7-^6019 in- 
creased its velocity dispersion from 130^43 ^™ based 

on 8 members to 417^gg* km s~^ based on 22 members. 
Deeper spectroscopy to increase the robustness of the de- 
termination of the velocity dispersion and deeper X-ray 
observations are therefore crucial to clarify the nature of 
these systems. In the cluster regime there seems to be 
a consensus for a slight departu re from a pure gravita- 
tional collapse, (Ty (X r~°-6 (e.g [Lubin fc Bah call 19931: 
[Bird et al.l Il995t IGirardi et alTll996l: iXue fcWu ,2000i) . 
whereas the evid ence for groups is more controv ersial, 
with authors re.g.. [Mulchaev[[2000l : lxire fc Wull2000l ) find- 
ing that groups fall on th e cluster trend and others 
(jHelsdon fc PonmaiJ [2000bl|al) finding that the rel ation 
steepens. As discussed in [Osmond fc PonmanI ()2004) the 
large non-statistical scatter mentioned above contributes 
to the controversy. Again with the caveat of large er- 
ror bars, the objects in the intermediate-redshift sam- 
ple seem to indicate an intermediate slop e between clus- 
ters a nd low-temperature groups (but see [Ortiz-Gil et all 
[2004 for an even steeper slope, 1.00 ± 0.16, for a large 
REFLEX cluster sample). It is interesting to quote 
the results we would obtain had we used the velocity 
dispersions ba sed on fewer members for the sample o f 
[Jeltema et all ([2006) reported in . Mulchaev et all (|2006l ): 
a slope of 0.89 ± 1.18 and intercept 2.30 ± 0.18. 

Finally we investigate the Lx — (Jv relation for the 
same objects considered above, shown in the third panel 
of FiglH The cluster relation slope is consistently 
found by many investigations close to the purely grav- 
itational expectation of 4 (e.g. IGirardi fc Mezzettil [20011 : 
[Popesso et all l2005t lOrtiz-Gil et al.l l2004l . see the lat- 
ter reference for a thorough comparison with previous 
determinations). There is disagreement at the group 
scale between studies which find th at groups are consis- 
tent w i th the cluster rela t ion (e .g., iHelsdon fc PonmanI 
I2000bl: iMahdavi fc Gellal I2OOII) and those which find 
significantly flatter relat ions (e.g., iXue fc Wul [20001 : 
[Osmond fc PonmanI 12004) . The results from the inter- 
mediate redshift sample point to a flatter trend com- 
pared to the cluster results. But we can see that this is 
mainly due to the same low velocity dispersion objects 
which have not only Tx but also Lx higher compared to 
the expectations. Clearly these are not the X-ray under- 
luminous optically selected objects found both at the 
cluster (e.g., jPp pcsso et al. 2007) and group scale (e.g., 
[Rasmussen et al.ii2006,) believed to be systems which are 
collapsing for the first time and it is therefore likely that 
a better determination of cr^ in these X-ray selected ob- 
jects will bring these objects in closer agreement to the 
cluster scaling relations (modulo t he effects described 
for example in IHelsdon et al.ll2005( ). In fact, for exam- 
ple, had we used the velocity dispersio i is bas ed on fewer 
members reported in iMulchaev et al.l (|2006[ ) , we would 
have obtained a flatter slope of 2.07 ± 1.21 and intercept 
38.3 ±3.2. 
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We checked that the values for slope and intercept 
of the regression lines do not depend on the choice of 
the pivot point: we fitted the relation \og^QY/Yo = 
a'logj^oX/Xo + b' with Lo = lO'*^-^ ergs s-\ Tq = 2.0 
keV and ctq = 300 km/s, at the center of the data point 
cloud, in the three relations obtaining identical results to 
the ones in Table[U 



TABLE 1 

Best fit results on the scaling relations. 



Relation (Y - X) 


a 


b 


ay 




— Tx 


3.10 ±1.77 


42.7 ±0.6 


0.39 


0.37 


<^v — Tx 


0.86 ±0.85 


2.37 ±0.27 


0.14 


0.12 


Lx — cr„ 


2.82 ±0.75 


36.2 ±2.0 


0.36 


0.33 



Note. — Best fit results for the scaling relations discussed 
in the text. The total scatter ay on Y is measured as cry = 

I 1/2 



[Ej=i,]v(log^j - a- 
is estimated as c^''" 



2 1 ' 

^j) /^\ ■ T^^'^ intrinsic scatter 
1/2 



^2 

'Y.Stat 



where u^^^^^^ 




Fig. 7. — Local c—M relation with data points (black circles) and 
best-fitting model (solid blue line) with Icr intrinsic scatter (dashed 
blue lines) as discussed in[Buotc ct al. (2007). Over- plotted are the 
results for Zw 1305.4+2941 and XMMUJ 131359.7-162735 with red 
squares. 



The entropy for Zw 1305.4+2941, measured at the 
two different over-density of 0.1r2oo and rsoo is consis- 
tent with the excess entropy observed in low redshift 
groups: scaling our results as Et^^ S with = Hz/Hq = 

1/2 

[f2m(l + z)^ + A to account for the variation of the 
mean density within a given over-density radius with red- 
shift, we find Et^^S{0.lr2ao) = 232 ± 16 keV cm^ and 
Et^^S{r50o) — 1522 ± 168 keV cm^ whic h can be com- 

Siared with the plots in Fig. 12 and Fig. 13 of lJeltema et al.l 
2006f ) showing good agreement with the local relation 

The high iron abundance for this cluster is consistent 
with the trend of increasing metallicity with decreas- 
ing tem perature found at in termediate and high red- 
shift bv Balestra et all (|2007D with Chandra and XMM 

Dfll 



with ASCA data. Particularly relevant is the compari- 
son with objects like Zw 0024.0+1652 and V1416+4446 
in the sample of iBalestra et al.l ()2007[ ) which at z=0.395 
and z=0.400 have kT = 4.38 ± 0.27, Z = imtoH and 
kT = 3.50 + 0.18, Z = 1.34t°:^ ^ respectively, having 
converted their abundances from 'Asplu nd et al.l ()2005l ) 
to Grevessc & Sauval (1998) by scaling for 0.89. Also 
these objects, observed with Chandra and for which an 
analysis in two annuli is performed, do not show a clear 
enhancement of the i ron abundance in the inner regions 
(|Balestra et al.|[2007() . displaying the same behavior as 
Zw 1305.4+2941. These data seem to suggest therefore 
that the higher abundance is not due to the presence 
of a particularly iron-rich cool c ore. Zw 1305.4+ 2941 is 
present in the sample_of Baumga rtner et al.l ()2005[ ) based 
on the results of Hornerl (|2001i) : the ASCA abundance 
determination is high (0.92^°' ^q, 90% errors, havin g con- 



data and with the sample of iBaumgartner et al.l ()2005f ) 



ve rted their abundanc e s froin I Anders &: Grevessd ()1989D 
to iGrevesse fc Sauvall (|1998f) by scahng for 1.48) and 
in good agreement with the XMM measurement. This 
trend between metallicity and temperature, still poorly 
understood, needs to be investigated with better data (it 
should be remarked that the constraints on the metallic- 
ity of Zw 1305.4+2941 are interesting but not tight: it is 
consistent with ^ 0.3 Zq at the 2a level). 

The measured concentration par ameter c, multiplied 
by the expected dependence 1 + z ([Bullock et al.l[200lh 
is consistent with a relaxed, early forming object in 
a ACDM model with erg = 0.9 and wit h the obser- 
vatio nal results of relaxed, low-z objects (jBuote et al.l 
|2007| ). In Figl7]we show the data points corresponding 
to Zw 1305.4+2941 and XMMUJ 131359.7-162735 over- 
plotted to t he c — M da t a poi nts and best-fit relation 
discussed in iBuote et al.l ()2007f ). It should be kept in 
mind that these two data points have been derived un- 
der a very simple and restrictive isothermal assumption, 
whereas all the low-z data points have been derived with 
a detailed investigation of the density, temperature and 
abundance profiles. 

5. CONCLUSIONS 

We present results for an XMM observation of the clus- 
ter Zw 1305.4+2941, for which we derive kT = 3.17 ± 
0.19 keV, an abundance of 0.93lQ'2g Zq for an unab- 
sorbed bolometric luminosity of 8.86+0.98 x 10^'^ ergs s""'^ 
within an aperture of 1' (228 kpc at z = 0.241). Un- 
der the assumption of isothermality and that the clus- 
ter follows the best-fit model to the surface brightness 
profile, we derive luminosity, entropy and mass at vari- 
ous over-densities. We measure a velocity dispersion of 
568 ± 125 km s~^ within 3.3'. These interesting con- 
straints increase the small number of well studied ^ 3 
keV objects above z^O.l. 

We provide new fits of scaling relations for all litera- 
ture fcr< 4 keV objects in the intermediate-z range. The 
cluster obeys the scaling relations thus derived. Concen- 
tration and mass for this object agree with the local c—M 
relation. 

The prospects for increasing the sample size and im- 
proving the description presented here are promising. 
XMM and Chandra are dramatically expanding our pre- 
vious little knowledge of X-ray emitting low-temperature 
clusters and groups of galaxies beyond the present epoch. 
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Survey s like XMM-LSS (iPierre et all [200l and COS- 
MOS (jFinoguenov et al] 120071 ) will provide large sam- 
ples of X-ray selected groups and poor clusters out to 
redshift of z ~ 0.6 or higher. Together with very large 
redshift surveys, optically selecte d groups in l arge quan- 
tities at moderate redshifts (e.g.. lWilman et al. 2005b.a) 
will be obtained, characterizing in great detail this popu- 
lation and investigating some initial suggestion of group 
downsizing. More massive groups could be still in the 
process of virializing at intermediate redshift, while this 
process is restricted to much less l uminous (and thus les s 
massive) systems at present day (jMulchaev et al.ll2006l ). 
X-ray follow-up with Chandra could allow to go beyond 
the simple isothermal beta model used so far in these 
studies. 
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